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PAC!KAGlNn ^Nn CONTAINERS MADE OF WATER-SOLUBI.ff. 
POLYAMIDES AN D PROCESSES FOR THEIR MANUFACTITllff. 

FIELP OF THE INVENTION 

Uris invcsotion relates to padcaging made fratn water-soluble nyton 
compositions, and suitable for containing niaterials of interest More particularly, this 
invention relates to such packaging that adequately contains the material until 
dqwsited into water, after which the material is released into an aqueous 
environment, and processes for the manufacture thereof 

BACKGROUND OF THE INVin^n|^ 

Stringent mvirDnmental reguMons on chemical emissioiis and concern fixr 
worker exposure to diemicals have intensified the effort to eliminate emissions and 

mimmize physical contact witiisensitiye materials. There is also a similar desire to 
limit exposure of oansumers to aggressive and corrosive diemicals fiom a public 
health perspective. One jqqjnMch to minimize this exposure during handling of 
chemicals is flie use of pie-padcaged unit doses using water-soluble padcaging 
niateriab. Applications fiir unit dose padcaging are convenient and limit the exposure 
of the user to different types of chemicals (such as laundry, dishwater or other 
detergents, pestiddes, agriculture chemicals, bleaches, and the like). Presently, 
partially hydrolyzed polyvinyialcohol (PVA) is used for a number of these 
^Ucations. However. PVA has limited chemical resistance and thennal stability 
and is not amenable to fihn fonnation by melt extrusion processes such as fihn casting 
from melt or blown film extrusion. A combination of moisture and devated 
temperatures or the presence of acids and bases can catalyze the hydrolysis of the 
acetate groups which results in reduced sotability in cold water. For the same reason 
PVA also has poor shelf Kfe and its solubility in water is adversdy affected by storage 
time and conditions. There is a need for a polymeric composition that is consistently 
water-soluble to suit fliese qjplications. 
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Water-soluble polymers are either natural (biopolymers) or man-made. To be 
water-soluble these polymers are highly polar in nature. A large number of functional 
groups are used to impart polarity and, in turn, water-solubility to various polymers. 
5 FiuiCiional groups such a? amines, hydroxyl, sulfonic acids, and carboxylic acids and 
their salts are commonly used to solubilize polymers* However, it is not imcornmon 
for the reactive functional groups such as acids and amines to react with other acids 
and bases that they come in contact with during end-use, and this leads to changes in 
properties such as solubility. For an extensive review of this subject see **Water- 
10 Soluble Polymers", Encyclopedia of Polymer Science & Engineering, Volume 17, 
pages 730-784, Second Edition, John Wiley & Sons (1989). 

There is a long-felt need in the field for the development of a polyamide-based 
conQ>osition for such applications. Nylons are well known for their strengdi, 

IS toug}mess, abrasion resistance, lubricity, and chemical res^ The use of nylons 
in basic packagmg applications is widespread because of the aforemrationed 
properties. See generally, Kohan, M. L, **Nylon Plastics Handbook", Hanser/Gardner 
Publications, Inc., 1995, pages 514, 540, & 568-569. However their adaptation 
towards s^lications requiring solubility in water to date has not been particularly 

20 effective. 

The patent literature includes various teachings regarding water-soluble 
nylons. U.S. 4,895,660 describes water-soluble sulfonated aromatic polyamides and 
polyureas that are cross-linked ionically with multi-valent metals for membranes, 
25 coatings, and adhesives. X^anese Patent Application 56-93704 desoribes a 

photosensitive composition compriskig a wat©r-soluble polyamide containing sodium 
sulfonate groins, a polymerizable unsaturated conipound, and a sensitize for printing 
plate plications, Japanese Patent AppUcation 98007903A claims the use of alcohol- 
water solutions of nylons commonly known as PA66, PA46, PA6, and PA12 with a 
. 30 water-soluble methoxymethylated nylon, and thiocyanate salts in alcohol-water 

solvent as wiper blade coatings to improve performance and durability of the blades. 
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U.S. 4^23,639 and U.S. 5,688,63:2 are both directed to water-soluble copolyamides 
containing polyether segments of 150 to 1500 molecular weight These polyeflier- 
amide segments are obtained from polyether diamines and aliphatic dicarboxylic 
acids. These water-soluble polyamides are used in conjmiction with 
pbuiupoljinwrizable compound and a photoinitiator for printing plate applications. 

It is well known in organic chemistry that ethers are relatively chemically 
unreactive coinpared to fimctioiiaHties such as acids, azEunes, and hyd^ A 
water-soluble polyamide containing polyoxyethylene segments for water solubility 
would possess chemical in^tness and thermal stability. These two characteristics 
would be advantageous in shqped-article production such as extrusion, blow-molding, 
and inj ection molding operations. However, up to now there has been no report in the 
literature on ttie use of water-soluble nykm containing polyoxyethylene segments for 
packaging and container q>plications and as a polymeric binder for tablets and 
IS briquettes. . 

It is an object of tiie present invention to provide a water-soluble nylon that 
can be incorporated into unit-dose packaging plications containing any of a variety 
of materials. It is a fiirdier object of the pr^ent invention to provide such materials 

20 that retain their integrity under ambimt conditions and when iimnersed in water 
predictably solubilize and thereby release the contained materid into aquM 
solution. A feature of the present invention is its utility bofli as a packaging material 
(as envelopes, pouches and the like) and as a binder (for tablets, briquettes and the 
like). It is an advantage of the present invention that chemicals suitably packaged 

25 with materials described herein are not placed m contact with or only nrinimally 
contact persons handling the packaging. A further advantage of the present mvention 
is its suitability fiw any of a number of conventional molding applications,' including 
blow molding. These and other objects, features and advantages of the present 
invention will become better understood upon havmg reference to the description of 

30 the invention hetdn. 
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Tl^reisdisclosedandclaimedhereinapackagmgmaterid 

water.ol.Mcpolyaxnidewit.asolubilityinwaterat23Cof 

,nrinnofadimcacidandefherdiaimneswitha 

5 percent ana aeiivou uuMi * - 

xaolec^lar weight ofl48to396aodreptcsaitedby the geaendfi^^ 

H2N-Ri-0-RrO-Ri-NH2 

10 whereinRiandR^areeither-CHrCHror-CHrCHrCHr; 

HaN-Ri(-0-CH2-CH2-)xO-Ri-NH2 
wheremRi iseither-CH2-CH2-or-CH2-CHrCH2. 

15 andXhasanaveragevalueof2to6;andnBXtnres1teeo£ 

Ttoseofskminthe art wm appreciate thatR^'sintheabovefo^ 
usuaUy the same but canbe different 

25 30 minutes). 
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DETAn.ien nresn iiFnoN of the invention 

Ckjpolyamides of the above polyamide with o&erpolyamide-fonning 
5 comonomers can also be u»cu herein. These other nylon forming comonomers may 
be incorporated provided these comonomers do not adversely affect flie water 
solubility of the resulting polyamide. These added comonomers may include other 
polyamide forming comonomers such as lactams, polyether diamines, polyether 
diacids, allgiene diamines, and alkylene dicarboxylic adds. The solubilify in water 

10 of these nylons is influenced not only by the amount of the polyetherdiamines and flie 
nature of the dicarboxylic adds but flie molecular wdgbt as well Additives such as 
heat and UV stabilizers, anti-oxidants, plastidzers, hibticants, and catalyst may be 
used if desired to eiihance flie properties of flie polymer or aid flie polymerization 
process. Those having ddU in flie art to this invention pertains will readily 

IS ^ppiedate bow mudi and in what manna: fliese additives may be mcorporated. 

The wat8i>sohible padcaging articles disclosed herein may be fashioned in any 
of a variety of fimns including wifliout limitation films, bags, pouches, bottles, and 
jars, and as a bindo- for water-soluble tablets and briquettes and similar applicatbns. 
20 In file latter ^plication, flie binder on exposure to water disintegrates, thereby 
providing for a release of the previously bound material into water. 

There is also disclosed and claimed herein processes for flie manufecture of 
fliese various padcaging materials. The polyamide described above is formed as a 

25 film. The fihn is fliensh^ into a container smtd)le&r placement of flie chemical 
or ofliCT material of interest to be contained Once flie material is deposited into flie 
container, flie container is sealed to retain flie material wiflun it Those haying skiU in 
fliis field wiU readily appredate flie various techniques for fihn formationi and 
container shiq)ing and.sealing. 
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Another process disclosed and clauned herein pertains to the manufecture and 
use of these polyamides as binders for tablets, briquettes and the like. The material to 
be packaged is presented, after which the polyamide is interspersed therewilhin. The 
resulting product is sh^ed into a solid formation of interest Formative techniques 
5 for the tablets and briquettes are again vv cU understood by those having skill in this 
field, and g^erally include the initial development of a paste or sliury and 
subsequently removing the water and/or q)plyiag pressure to provide a solidified 
material Prior to soUdification the material can be sihq>ed in designs and 
configurations of intmst 
10 EXAMPLES 

Preparation of the IVvlon Rgsfns 

The nylaii polymerization was carried out usmg standard nylon 
15 polymerization process that is well-known in the art (See Kohan, M.L, **Nylon 

Plastics Handbook" Hansen/Gardner Publications, Ihc, [1995] pages 17-20 & 34-45), 
As is well known in the art, the stoichiometry of the mgredients was determined and 
controlled using pH measurements. The molecular weight during polymerization, as 
indicated by relative viscosity (RV), was controlled by controlling pH, use of 
20 atmospheric, nitrogen, or vacuum finishing after pressure reduction. Usually, the 
molten polymer is quenched in water and then cut into pellets. However, because 
these nylons are water-soluble the molten polymer is either allowed to cool under 
ambient conditions or dropped onto a bed of ground dry ice for cooling. 
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^The felative viscosity in fomric add (RV) of an 8.40/0 solution was determined 
«t 25 C usi^g a Brcck£s!d Viscometer. 



15 



20 



25 
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The solubifity in room temperature water (23 C) at 1 0% concentiatian was 
detennined by mixing 10 wdght percent of the polymer with 90 wdghtperca^ 
<ienmHTalizedwaterandstiiiingatro(m^ Tlie solution was allowed to sit 

at room tenq,erature and the solution was observed for any sign of predpitation. 

Comparaiiv e Bxamp lft A 

In a beaker pmvided witJi a stiner, 300 mL of demineralized water and 2^ 
of triethyleaegiycol diamine (Hi,N-CH2.CHrO^CHj-O^H3l2.NH2^ were 
mixedandheatedtoeO-TOCwithstimng. To the mixture was added slowly 345 0 
gdodecanedioicacid. An additional 200 ml ofde-mineralized water was added. 
When all the dodecamsdioic add was dissolved fte pH was adjusted to 7.15 by 
additionof4.1goftridhyienegIycoldiamine(TEC3D). Hie solution was then 
introdacedinto a3.785 ml autoclave where Ae solution was heated slowly untU the 
px««Hreintiieautoclaver^ed250psig. At Ibis point, steam was slowly veoted 
whdeheatingwascontinued. When the batch temperature reached 225 C. the steam 
ventmgwasincreasedsoastolow«-thepressuietoatmosphericpre8sutein45 
mmutesbmataratesuchthatthebatditempetatuiewouldconlinuetoincreasea^ 
wasbemgconc^trated. The polymer was then subjected to 21.0 "ofvacuum for 60 
mmutes. At the end of60 minutes the batch temperature was 270 C. lUeautocIave 
wasthenpressuiedwithniliDgcaiaadforcedoutoftheautoclaveandintoap^ The 
polymcrwasaUowedtDcooltoroomtenq)eniture. The polymer had an RV of 15.7. 

Using the same procedure (but with minor variations in temperature, vacuum 
and hold time as appropriate by fliose of skill in the art, to obtain the desired 
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molecular wdgjit) as Conq)arative Exan^le A, Conq»arative Examples B and C were 
prqwred using the a^isopriateingredimts. Results are shown below. 



1 SAMPLE 1 COMPOSITION 


CATALYST 


RV 


SOLUBILITY 












Example C 




None 


14.9 


Insoluble 


Comparative 
Example B 


TEGD.IO 


None 


13.3 


insoluble 


Comparative 

Example A 


TEGD,12 


None 


15.7 


Insoluble 



Example 1 



Id a beaker provided with a stirrer, 300 ml. of de-mineralized water and 444.0 
gofTEGD were mixed and heated to 60 - 70 C with stining. To the mixture was 
added slowly 438.0 g of adipic acid. An additional 100 ml of de-mineralized water 
was added. When all the adipic add was dissolved the pH was adjusted to 7J25 by 
addition of 7.2 g of TBGD. The solution was then introduced into a 3,785 ml 
autoclave where the solution was heated slowly until the pressure in the autoclave 
readied 250 psig. At fliis point, steam was slowly vented yribile heating was 
continued. When the batch toiiperature reached 225 C. the steam venting was 
increased so as to lower the pressure to atmosphedc pressure in 45 minutes but at rate 
such that die batch teaq)erature would continue to increase as it was bang 
concentrated. The polymer was then subjected to 19.5 " of vacuum for 60 minutes. 
At fljeeud of 60 minutes the batch tempwature was 270 C. The autociave was then 
pressured with nitrogeu and forced out of tte autoclave and into a pan. The polymer 
was aUowed to cool to rown temperature. The polymer had an RV of 12.9. 



8 



wo 03/097723 



PCTA}S03/1S106 



Ryamplft ^ 

iaabpaksT provided ~ith a stiirer, 1997.0 gofde-mineralized water and 740.0 
gofTEGD were mixed wifli stilling. To the mixture was added slowly 730.0 g of 
adipic acid. When all the adq)ic add was dissolved 0.37 g of sodium hypophosphite 
monohydrate (SHP monohydrate) was added. The pH of the salt solution was 7.10. 
An 830.0 g portion of the salt was then mttodnced into a 3,785 ml autoclave where 
the solution was heated slowly until the pressure in the autoclave reached 250 psig. 
At this point, steam was slowly vented while heating was continued. When Ote batch 
temperature reached 225 C, the steam venting was increased so as to lower the 
pressure to atmospheric pressure in 45 minutes but at a rate such that the batdi 
temperature would continue to increase as it was being concentrated. The polymer 
was flien held at atmospheric conditions for 20 minutes. At the end of20 minutes the 
batch temperature was 255 C. The autoclave was then pressured wifli nitrogen and 
forced out of the autoclave and into a pan with ground dry ice. The polymer had an 
RV of 14.0. 

Example 3 and Exaa^k 4 were prepared under the same procedure as 
Example 2 with the exception diat vacuum was used for die finishing step. The 
results are shown below. 
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SAMPLE 


COMPOSITION 


CATALYST 


RV 


QDt 1 IDII IT\/ 

oULUdILITY 












Example 1 


TEGD,6 


None 




ooiuDie 


Example 2 


TEGD.6 


210 ppm 


14.0 


Soluble 


Example 3 


TEGD.6 


349 ppm 


20.5 


Soluble 


Example 4 


TEGD,6 


210 ppm 


22.8 


Soluble 



(1) Sodium hypophosphitemonohydiate 

Examples 1 to 4 and Conq)arative Examples A, B, and C dan^^ 
incorporation of ether amine segments in the polymer done is not sufficient to 
achievewatersohibiUty. The pK^ selection ofthedicaiboxyKc acid structure is 
iMcessary to obtain water soluble njdons. 



hi a beaker provided with a stirrer, 300 ml of de-mmeralized water and 278.2 
g of TEGD were mixed and heated to 60 - 70 C with stirring. To the mixture was 
added slowly 274.5 g of adipic acid. When the adiiric add has dissohred, 269.0 g of 

caprolactamsolutionwithan81.86weightpeicentconcentrationwasadded. IhepH 
was then adjusted to 7.35 by addition of 4.1 g of TE<a>. The solution was then 
mtioduced into a 3,785 ml autoclave where the solution was heated slowly untU the 
pressuremtheautoclavereadied250psig. At flris point, steam was slowly vented 
whileheatingwascontmued. When &e batch temperature reached 225 C, the steam 
venting was mcreased so as to lower &e pressure to atmospheric pies^ in 45 

nunutes but at a rate such that the batch tenq)erature would continue to h^ 
was being concentrated. Thepolymer was then subjected to 22.0" to 22.5»of vacuum 
for 60 minutes. At the end of 60 minutes the batch temperature was 268 C. The 
autoclave was then pressured with nitrogen and forced out of the autoclave and into a . 
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paa The polymer was aflowed to cool to room tempe^^ Hie polymer had an RV 
of 17.7. The results are shown below. 



SAMPLE 


COMPOSITION 


MOLE 
RATIO 


CATALYST (1) 


RV 


SOLUBILITY 














Examples 


TEGD,6/6 


50/50 


None 


17.7 




Example 6 


TEGD,6/6 


50/50 


349 ppm 


25.6 


Soluble (2) 


Example 7 


TEGD.6/6 


70/30 


None 


15.3 


Soluble 


. Example 8 


,TEGD,6/6 


80/20 


None 


14.1 


Soluble 














Comparative 
Example D 


TEGD,6/6 • 


40/60 


None 


19.0 


Insdubie 



(1) Sodium hypophosidite monohydrate 

(2) Soluble but went to solution much slower than Example 5 

Exanq)les 5, 6, 7, 8, and Comparative Example D illustrate that the ratio of 
comonomers affect tbe solubility of the copolymers in water. Example 5 and 
Example 6 also demonstrate that the RV (molecular weight) of the polymer also 
affects the rate of solution. The higher molecular wd^ results in slower dissolution 
rate. 

Pxamples 9 to 1 1 and Conmanitive Examples R 9 «nrf w 



Using flie same procednre as in pievions examples, and controimg RV as 
previously disciissed hradn various ciapolymers with njion 66, 46, and 2- 
meftylpetamethylenedianiine,6 were prepared The results are shown below. 
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(1) 2MPMD stands for 2-inethylpentamethylenedia33une 

(2) Sodium hypophosphitemonohydiate 

Exanrples9, 10. ll,andCoirq,arativeExan.plesE.F.G.andHUlmtt^ 
that the solubmty in water ofcopolymers is dependent on the type and 

comonomer used. 

Rvample 12 

m a beaker provided with a stiirer. 500 ml of demineralized water and 264.0 g 
of l^bisCgamma-aminopropoxy) etime (H^N^i-CHrCHrCKHrCHrCKBr 
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CH2-CH2-NH2 ) were mixed and heated to 60 - 70 C with stinii^g. To the mixture 
wasadded8lowly219.0gofadipicadd. When the ad^c add has dissolved the pH 
was adjusted to 7.12 by adding 26.0 g of i;2.bis(gamma^opiopoxy) ethane 
(BGAE) and 5.0 g of adipic add . Those having skill in the art will readUy 
spprsciate fbst differ^!* s«des of BGAE (and as described later, POE-DPA 220) are 
available, and these have differing levels of monoamines and triamines associated 

withlhem. HowBverthesebyproductshaveminorefifectsinadjustmgthepHlevelso 
fliat the pH of interest is readily attamed. This may have an effect on the 
polymerization process, and some adjustments to this process may be necessary to 
achieve the desirable molecular weight, again as is well appredated by the person of 
skill. Thesohitionwasthenintioducedintoa3,785ndaatocliivewherethesoMoii 
washeatedslowlyuntathepiessureintheautockvBreadied250psig. Atthispoint. 
steamwasslowlyventedwMleheatingwasoontinued. Wh«ifliebalditeiiq«Rrture 
reached 225 C. the steam venting was increased so as to lower the pressure to 

atmospheric pressure m 45 mimites but at a rale sud» that the batch temperature 
continuetoinaeaseasitwasbdngconcentmted. The polymer was &en subjected to 
21-22"ofvacuamfor60mimites. At the end of60 minutes the batch temperature 
was258C. Ilieantodave was then pressured with nitrogen and foieed out of the 
autoclaveandintoapan. The polymer was allowed to cool to room temperature. Tlie 
polymer had an RV of 7.7. 

Example 13 

In a beaker provided with a stirrer, 500 ml of de-mineralized water. 246.4 g of 
BGAE, and 82.0 g of c^rolactam solution with an 82.68 wd^ percent 
concaitration were mixed and heated to 60- 70 C with stirring. To the mixture was 
added slowly 204.4 g of adipic add. When the adipic acid has dissolved tiiepH was 

adjusted to 7.09 by addii« 19.5 g of BGAE. llu, sohition was then intioduced ^ 
3,785 ml autoclave where the sohrtion was heated slowly mitil the pressure in the 

autoclavereadied25Pp5ig. Atthispoint.steamwas8lowly vented while heating was 
continued. When the batch ten^ierabrc reached 225 C, the steam venting was 
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increased so as to lower the pressure to atmospherio pressure in 45 minutes but at a 
rate such that the batch tea^orature would contmue to increase as it was being 
concentifated. The pol3aner was then subjected to 2Pofvacuum for 60 minutes. At 
the end of 60 minutes the batch temperature was 264 C. The autoclave was flien 
pressured w iui nitrogen and fcmed out of the autoclave and into a pan. The polymer 
was allowed to cool to room teoperature. The polymer had an RV of 8.7. 

Comparative Example I 

In a beaker provided with a stirrer, 500 ml of de-mineralized water, 21 1J2 g of 
BGAE, and 164,0 g of caprolactam solution with an 82.68 wd^t percent 
concentration were mixed and heated to 60 - 70 Cwiftstnring. To the mixture \ras 
added slowly 175.2 g of adipic add Whm the adipic acid has dissolved the pH was 
adjusted to 7.15 by adding 12.0 g of BGAE. The sotation was then introduced mto a 
3,785 ml mitoclave where the solution was heated slowly until fht pressure in &e 
autoclave reached 250 psig. At this point, steam was slowly vented while heating was 
continued. When the batch tenq)erature reached 225 Q the steam venting was 
increased so as to lower the pressure to atmospheric pressure m 45 minutes but at a 
rate such that the batch temperature would contmue to increase as it was being 
concentrated. The polymer was then subjected to 18-19" of vacuum for 60 minutes. 
At the end of 60 minutes the batch temperature was 264 C. The autoclave was then 
pressured with nitrogen and forced out of the autoclave and into a pan. The polymer 
was allowed to cool to room temperature. ThepolymerhadanRVof 10.7. The 
results are shown below. 
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(1) 



BGAE is aa acronym for i>bis(gaffima-ammqpropoxy) eflume 



Examples 12, 13. and Comparative Example I d«,w fl«t 
TOGDwithBGAEalsoaffordsawater-solublepolyamide. Furtl^nnore. copolymers 
ofBGAE»6bdiaves8imflarlywitiifl»ecopolymer8ofTE(H>.6. 



10 Bvample 14 

fa a beaker provided with a stirrer, 300 ml of de-mineralized ^ and 176.0 
.of POB.DPA220wemixedandheat«ito60 . 70Cwitiistirring. This diprimary 

^has1hefonowmgstn«:tare(H^-CHrCHrCHr[pol^^^ 
15 CHrm)wi«rethcpolyoxyethyleneunitis 

^lecularweightofm To the mixture was added slowly 116.8 g of adipioacxd. 
TtepHofthesolutionwas6.9. To the solution was then added 0.074 b of sodium 
hypophosphitemonohydtate.Thesaltsolutionwasthenintroducedintoa3.^^^ 
autoclave where thesotationwasheatedslowlyuntUthepressureintheauto^^^^ 

20 reachedZSOpsig. At this point, steam was slowly vented while heating was 
meatbebatchtanperatntei8ached225C,thesteamventingwas 
i^edsoastolowerfliepress«retoatmosphericpressurein45mm^^^ 
«^s«A11«atheba«ditemperaturewouldcontinuetoi^ 
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pressured with nittogsQ and fiweed out of flie autoclave ana 
pol)m«rh«lanRVof7.8andwassolubleinw8teratroomten^,e^^ 

rnm parative T^x^ple 1 

polymer had aa RV of 12.5. 
1114). The results are shown below. 



16 



wo 03/097723 



PCT/US03/1S106 



SAMPI P 


UOMPOSITION (1) 


SALT WT. 
RATIO 


CATALYST 


RV 


SOLUBILITY 














Comparative 
Example J 


POE-DPA220,6/6,6/6 


dO/2G/3C 


0.30 wt. % 


12.5 


Insoluble 


Comparative 
Example K 

Comparative 
Example L 


POE-DPA514,6/6,6/6 


50/20/30 


0.30 wt% 


15.9 


insoluble 


POE-DPA1114,6/6,6/6 


50/20/30 


0.29 wt.% 




Insoluble 



Compats&ve Examples J, K. and L are polymm containing polyeflber 
5 amines and are described in U.S. 4^23,639 and U.S. 5,688,632 as watei-soliible. 
These comparative exan^les show litat flie water-sotoble nylon described in the U. S. 
4,323,639 and U. S. 5,688,632 are not water sobble and are not useful for the 
purposes of this invention. 

10 Examples 15 tn^n 



The solubility of fihns in 23 C and 50 C water were determined on 
compression molded mmsofTEGD,6homopolymera and IECH>,6/6 copolymers. A 
r-x 2" sample of 4e fihn was attached to a 2" X 2" window cut into an aluminum 
15 sheet. Thiswasthenimmersedinl000nilofwell.stiitedwatermaintainedat23e 
and 50 C. The time it takes for (he fBm sample to start dismtegrating and the tm^ 
talcesto completely dissohreareobservedandrecoided. Results are shown below: 
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SAMPLE 

Bxan^lo 16 
Example 17 
fixfflnplelS 


CX>MFOSmON 


MOL 
RATIO 

50/50 
50/50 
5C/50 
50/50 


j RV 
19.8 

25.6 

"BJ" 


FILM 
THICKNESS 
(mHs) 

4.8 
5L3 
S.2 
4.8 


WATER 
TBMPCC) 

50 
50 
50 
50 


TIMETQ 

DI5]NTEaRAIB(see] 

13 
12 
14 
15 


TIME 

TO DISSOLVE (see 

77. 
68 

''I 
93 


CXDMM^NTS 

) 

Solution was olear. 
Solutioa was clea£" 
SdutioD wssckar. 
SdoiioQ was clear. 


"S55icl5" 
"S5i5le20" 
Euniple2I 


TBGD,6 
TEODfi 


76J/23.5 
50/50 


16.0 
12.9 
14.0 
20^ 

19.8 


53 

5.1 
4.9 


50 
50 
50 
50 

23 


15 
11 
18 
20 

41 


65 
44 
55 
63 

121 


Solution was clear. 
Solution was clear. 

Solution wii ctear. 


Enniple24 

Example 26 

EmnpleZT" 

ExiinplB28"' 

£uinple29 

Bxarr^leSD 


TEGD^ 
TBGD^ 

TBQIX6 
TEGD^6 


50/50 
50/50 

50/50 


15.4 
25.6 

15^ 
16.0 

14J) 
203 


5.8 
5J 

5^ 
4,7 
5.9 

5^ 


23 
23 

23 

23 

23 

23 
// 
23 


34 

32 

32 
27 
40 
30 

45 


109 
196 

145 
152 
178 
143 
178 


Soioiionwasciear. 

Wam- became 
cloudy. 

Solution wu dear. 

Sotutkn was clear. 

Sotukkm was dear. 

Solution was dear. 

Solutiaa was clear. 
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The results above demonstrate the exceUent water solubi% jte 
sohil«lityat50Cissignificanflybetterthanat23C. TTie results of Exaniple 25 on 
flie 50/50 copolymer witti the highest RV demonstrate that solubiKty is adversely 

affectedbyincreasingmolecularweighL Husisaconfinnationoftheresultsof 
Bxauspld 6. 

Eya^lftc ^tf 

The various polymers in Examples 3 1 to 48 were pr^ared using the same 
procedures already iUustrated in Examples 1 to 14 and Comparative Examples A to L 
but wxth mmor variations in ten,H«rture. vacuum and hold thne as explained earUer 
Fihns of these polymers were fihen prepared and their solubiUty m water were 
determinedasinExan^leslStoSO. Hie results are tabulated below: 
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Examples M to T 

Films were prq)ared and the solubffity was det^ 
5 30. Theresultsareshownbelow:«Mostlydissolv^^^ 
as observed, but part of the material did not dissolve. 



SAMPLE 



COMPOSITION 



MOL I RV I FILM 
RATIO I I THICKNESS 
(mils) 



WATER j flMlTO 
TEMP (C) I DISINTEGRATE 
(sec) 



TIME TO 
DISSOLVE (hr) 



Comparative 

Example M 



80/20 1 15.5 I 7 



23 



71 



>6 



Comparative 
Example N 



TEGD,12 



15.7 6^ 



23 I No change In 3 hr 



No change in 3 
hr. 



Comparative 

Example O 



BGAEm 



70/30 1 14.4 I 5T 



Comparative 
Example P 



BGIAE3 



Comparative 
Example Q 

Comparative 
Example R 



TEGD,e/8.6 



TEGD,12 



80/20 I 15.5 I 53" 



16J| 55^ 



23 



94 



>5 



>5 



50 



16 



50 No change in 3 hr 



Mostiy dissolved 
In52hr. 

No change in 3 
hr. 



Comparative 
Examples 



70/30 1 14.4 I eJ" 



50 



24 



Comparative 

Example T 



BGAE,6 



13.8 1 5.8 



Mostiy dissolved 
In 4 hrs. 
Completely 
dissolved at 

room 
temperature 



50 j No change In 3 hr. 



No change In 3 
hr. 
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The results above show that solubility alone is not suflBcient criterion for 
packaging £^lications. The rate of dissolution is much more important for the 



Tt will be readily apparent that any number of variations and modifications to 
the subject matter disclosed herem can be made, and arc contemplated as witimi the 
scope and purview of die invention herein. 
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INTHECIJAPVIS 

1. Apackagingmateridcofflprismgawater^wlu^^^ asolubilityin 
5 waterat23Cofatleastl.0weightpercent ai«i derived from the reaction of adipic 
add and ettier diamines ^ a molecular weigbt of 1 48 to 396 and represented by th. 
general formulas 



I?2N-Rj-O-R2.0.R,-NH2 

) 

wherein R, and Rj are either -CH2-CH2- or -CHrCHrCHr ; 

H2N.Ri(-0-CH2-CHr)jcO-Ri-NH2 
wheremR, iseither<H2<Hr or-OEfc-CaHa^JJij- 
and X has an average value of 2 to 6; and mixtures fliereo£ 

2. "n^PackagrngmateiialofClaimlfurthercomprisingcopoIyam^^ 
sohible polyamide and one or more polyamide fomiing comonomets. 

3. ThepadcagingmaterialofClaiml wherein the water-soluWepoly^ 
copolymer wilii cqnolactam. 



4. The packaging material of Claim 1 m the fonn of a fihn, pouch, bag, botUe, 



or jar. 



5. "niepackagingmaterialofClaimlasabindermatmalsuitableforwater^^^^^ 
tablets and briquettes. 

6. T^epackagmgmaterialofClaimlwhfiremsaidwatersolublepolyami 
relative viscosity of less tium 50. 



23 



10 



PCT/USa3/15106 

7. The packaging material ofClaim 6 wherem the relative viscosh^ 
soluble polyamide is betweem 10 and 35. 

8. The packagmg material ofClaiml wherein the w^^^ 

polyamide is at a rate such ftat a 5-1 0 mil fOm fimned therefit,m will dissolve in 
less fluin one hour. 

9. ThepackagingmaterialofClaim8whereinthesolubilityrateissuchlhata5-10 
mil fihn will dissolve in less than 30 minutes. 

10. AprxK^ssforthemanufectu«ofwater-sotablepolyamidepackagingmate^^ 
comprising: 



(i) FonniDgawater-solublepolyamideasafihn,saidpolyamidehavingan 
RV of less than 50, preferably between 10 and 35, solubility in water at 23 C of at 
least 1 .0 weight percent and at such a rate that a 5-1 0 mil fihn wiU dissolve in less 
than an hour, preferably in less than 3 0 minutes, and derived fiom Ihe reaction of 

adipic acid and efter diamines with a molecular wdght of 148 to 396 and rq«ese^ 
by the goiecal fomiulas 

HzN-Ri-O-Rj-O-Ri-NHj 
wherein R, and Rj are either -CH2-CH2- or -CH2-CH2-CH2- ; 

H2N-R,(-0-CH2-CH2-)xO-R,-NI^ 
wherein R, is either -CH2-CH2- or -CH2-CH2-CH2- 
and X has an average vahie of 2 to 6; and mixtures thereof 

(ii) Shaping said fihn so fonned m step (i) into a container suitable for 
30 placement ttierein pfa material of interest 
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(iii) Depoatiiigwtfamsadcontamerformediastep(^ 
interest; and 



(iv) Sealingsddcontainersothatfhemaleridofiiiterestisre^ 
^ thoewi&ia 

(V) 

11. Theprocess of Qaim 10 wherein said water soluble polyamide is formed such that 
it has a relative viscosity of less than 50. 

10 ^^.TlieprocessofClaimllwhereintherelativeviscosityofsaidwater^^^^ 
polyamide is between 10 and 35, 

13. The process of Claim 10 wherein said water soluble polyamide has a solubiKty 
such lhata5-10milfihnfonnedtherefiom will dissolve in less than one hour 

15 

14. The process of Claim 13 wherem the sotobiUtyofsaid water soluble polyamide is 
such that ae 5-10 mil fihn will dissolve in less than 30 minutes. 

15. ^PtocessofOaimlOwheieinthematerialretai^^ 
20 or dishwasher detergent 

16. Aprocessfin-themamtfactureofpackagingformateiialsofinter^ 
water-soluble polyamide interspersed ther^witfain comprism 
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ffl Presenting the material to be packaged; 



(ii) ^^te^^Pe^g^^ththematerialpiesentedinstep^awate^^^^ 

polyamide having a solubility m water at 23 C of at least 1 .0 weight percent and 
denved fiom the reaction of adipic acidaad ether diamines with a molecular wei^ 
30 ofl48to396andrqiresentedbythegenefalfbrmulas 
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wberein R, and Rj are either -CH2-CH2- or -CJfc-CHz-CHa- ; 

H2N-R,(-(K:H2-CHr)xO-Ri-NH2 
whereinR, is dthear -CH2-CH2- or -CHz-CSHi-CHr 

aiul X has an awerage value of 2 to 6; and mixtures thereof; and 

(iii) Shaping the material in step © as interspersed with water-soluble 
polyamide in step (ii) into a soUd form suitable for the appUcation of 
interest 

17. The process of Claim 16 wherein the sohd form is either a tablet or a briquette. 
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